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Abstract

By modifying the physical and chemical properties of biochar, its efficiency in agriculture can be
improved. To investigate the effects of modifying biochar with hydrogen peroxide on some of its
physical and chemical properties, an experiment was conducted in a completely randomized design
with factorial arrangement in three replicates. The experimental factors included sugarcane bagasse and
date palm biochar modified with hydrogen peroxide and unmodified. The results showed that the
modification of biochar increased cation exchange capacity, water holding capacity, functional groups
(containing oxygen), moisture percentage, oxygen percentage, hydrogen percentage, decreased total
nutrient concentration, total nitrogen percentage, total sulfur percentage, ash percentage, EC value, pH,
carbon stability percentage (fixed carbon), specific surface area, volatile matter and carbon percentage,
increased atomic ratio (oxygen to carbon, nitrogen to carbon in the palm biochar treatment and hydrogen
to carbon), decreased bulk density in all treatments and elemental nitrogen to carbon ratio in the
modified sugarcane bagasse biochar treatment. Electron microscope images also showed that the
modification improved the quality of the biochar in terms of pores and porosity, with the modified
sugarcane bagasse biochar showing the best results among the treatments. The highest improvement in
characteristics was related to the modified sugarcane bagasse biochar treatment, which is recommended
as the best treatment. Considering the results, it can be concluded that biochar modification with
hydrogen peroxide improves the quality of biochar and provides the ability to better influence existing
processes in the environment and agriculture as well as soil and environmental pollution management.
Basically, this study provides an insight into the preparation of biochar for bioremediation processes.
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Table 1. Results of variance analysis of moisture percentage, fixed carbon, ash percentage, volatile matter, yield percentage, pH, EC, carbon percentage, nitrogen percentage,
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Degree MS)

Source of g _ : : _
variation of moisture fixed ash volatile yield bH EC carbon nitrogen oxygen

Freedom  percentage carbon percentage matter percentage percentage  percentage  percentage
Biochar 1 85.066 " 41.478 ™ 50.020+ 17.328* 57.203* 3.276* 0.37332** 8.450%* 1.499% 2.56070**
Processing 1 309.169= 90.146* 38.520° 436.812**  4563.00°* 2.970* 0.533=* 292.349+* 10.323** 664.838**
Er'ggggl:g 1 8.789™  2314™ 0440  0496™  57.203° 0232  000008™ 36575  8721* 111508
Error 8 16.666 10.292 0.958 2.095 2.421 0.024 0.15 0.083 0.0000001 0.083
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Table 2. Results of variance analysis of hydrogen percentage, sulfur percentage, O/C, C/N, H/C, potassium, phosphorus, calcium, and magnesium in treatments

Degree MS) el o (1 Siks
Source of of hvd i
variation Freedom  nydrogen suthur 0/C CIN H/C potassium phosphorus calcium magnesium
percentage  percentage

Biochar 1 34578+  699.060**  0.088% 0.139% 0.028% 3285.751°* 256961.333/*  693121.33* 102675.00*
Processing 1 14,586 2.736% 0.304**  44.794*  32.208% 16354.083"™ 16576.333**  309123.00%* 8216.333%
Eriggz:;i:g 1 1.449% 0.126 0.055% 73.157% 0.544% 262552.083" 1045.333 37632.00% 2133.333%
Error 8 0.0000001  0.000001  0.00008 0.011 0.001 220250.667 62.083 204.33 83.416

aoy Vg0 mhu (o ) s «(glo gme pas caumslil i 5 4 *F 9 NS
ns, * and ** indicate non-significance, significance at 5 and 1 percent level, respectively

Yo



Lo ;0 WHC g (5,0l JIK (CEC o9 gebamw «lyyS ¢ fl5 «ligmn (59 e cpaiuw il ylg 4 3505 gulis -F Jguor

Table 3. Results of variance analysis of sodium, iron, zinc, sulfate, chlorine, bicarbonate, specific surface area, CEC, apparent density, and WHC in treatments

Degree Means Squre (MS)

Source of

variation of di i i [fat hlori bicarbonat f CEC Apparent WHC

freedom sodium Iron ZInc sultate cnlorine ICaroonate surrace area density

Biochar 1 104346.750**  116230.083* 330.750° 9075.00°* 1610.083**  227.940*  6792.520**  697.687° 0.180**  0.480*
Processing 1 19280.083°* 88235.750* 234.083**  1825.333* 816.750° 10.267+ 1887.520**  865.300° 0.019**  0.163*
Er'ggg‘s;:g 1 234.083° 11970.083° 36.750° 96.332" 44,083 0.100™ 500.520° 4.687° 0.003**  0.043*
Error 8 35.750 357.166 4.166 43.000 14.500 0.520 1.133 0.856 0.00008 0.002

Aoy ) g0 e )0 (5l S gl e pae oaimo Lis o 4 T 9 F NS
ns, * and ** indicate non-significance, significance at 5 and 1 percent level, respectively

L 5Lloud ;0 O/C g 8,555 duo )0 (59 )9 Mo 30 (3 S | A0 30 ¢y 59 i W0 3O ¢33 5 I 30 PH ((B33L duo )0 (1uSilo s lio gl -F Jgu

Table 4. The comparison results of average efficiency percentage, pH, carbon percentage, nitrogen percentage, oxygen percentage, hydrogen percentage, sulfur

percentage, and O/C in the treatments

Biochar efficiency carbon nitrogen oxygen hydrogen sulfur
Type Processing percentage pH percentage percentage percentage percentage percentage o/C
(%) (%) (%) (%) (%) (%)
Sugarcane Un Modified 43.46 a 7.550 ¢ 55.464 a 2.30a 15.25¢ 7.94b 5.18¢ 0.274c
Bagasse Modified - 6.27d 45.404 d 1.92b 29.423a 10.392 a 1.531d 0.648 a
Date Palm Un Modified 34.63b 8.3la 50.011b 1.59c 12.786 d 6.69d 18.09a 0.257d
Modified - 7.60b 43.470 ¢ 1.07d 25.31b 7.63¢c 13.787 b 0.582b

(S5 903 oiad 00,0 O Jlosrl g 5o (6 ls gime BB (g ls alin pué g > b (1 Kilo
Means with different letters have a significant difference at the 5% probability level (Tukey's test)
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Table 5. Comparison results of average C/N, H/C, phosphorus, calcium, magnesium, sodium, Total iron, Total potassium, and Total zinc in treatments

Total Total zinc

Biochar . Phosphorus ~ Calcium (mg  Magnesium Sodium Total iron (mg ; -1
Processin CIN H/C : . . . - potassium (mg  (mg kg™)

Type : (mg kg) kg™) (mgkg?)  (mgkg) kg™) kg)

Sugercane UnModified 24114 c 0.143c¢c 370.66 a 1529.39a 351.66 a 289.66 a 1251.33 a 2225.67 a 43.00 a

Bagasse Modified 23.647 cd 0.228 a 340.33b 1478.00 b 297.66 b 186.77 b 1085.667 b 2147.33 b 38.333b

Date UnModified 31.453b 0.133d 92.66 ¢ 927.67 ¢ 181.33¢c 109.66 ¢ 782.33¢C 967.00 ¢ 31.666 ¢

Palm Modified 40.426 a 0.175b 83.66d 856.00 d 128.00d 67.66d 621.00 d 884.33d 22.333d

(S5 0905 dwd 0o )0 O Jloirl a5 (ko gime BB (glls alivn pué g, b 1 Sileo
Means with different letters have a significant difference at the 5% probability level (Tukey's test)

L)l ;o WHC g 5,0 (JKs CEC o9 geaw (puslao dunw Uio g s -F Jgur

Table 6. Comparison results of average specific surface, CEC, apparent density, and WHC in treatments

apparent density

. . average specific i . i
Biochar Type Processing <m2/g>sufface «cmol kgt CEC @ cm?) @ gty WHC
Sugercane UnModified 162.40 a 59.80 b 0.160 ¢ 1.46b
Bagasse Modified 134.42 b 78.03 a 0.114d 1.813a
Date Palm Unmodified 101.90 ¢ 45.80 ¢ 0.44la 1.180d

Modified 89.73d 61.53 b 0.323 b 1.293 ¢

(S5 09031 oiwd 00,0 O Jlosirl g 5o (6 ks gime BB (g ls alin e g > b 1 Kileo
Means with different letters have a significant difference at the 5% probability level (Tukey's test)
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Table 7. Comparison results of average bicarbonate, sulfate, chlorine, moisture percentage, ash percentage, volatile substances, EC, and fixed carbon in the

treatments
moisture ash volatile
Biochar . Bicarbonate  Sulfate (mg  Chorine (mg substances ds m™ EC fixed carbon
Type Processing (mg kg™) ka) kg™) percsntage percgntage (%) ( ) %)
(%) (%)

Sugercane UnModified 16.53b 135.33d 44.00 b 13.39¢ 13.866 a 30.303 a 9.55a 42441 ¢
Bagasse Modified 1453 a 128.33 ¢ 40.33a 24.25a 11.33b 25.559 ¢ 9.38b 38.861d
Date Palm UnModified 7.96d 165.66 b 34.66d 11.276d 10.833¢ 28.106 b 7.55¢ 49.785a

Modified 5.63¢ 154.00 a 26.33¢ 21.861b 8.733d 22.746 d 7.15d 46.66 b

(S5 0905 dwd 0o )0 O Jloorl o 5o (ko gima BB (glls alivn pué gy b Siles
Means with different letters have a significant difference at the 5% probability level (Tukey's test)
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